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Recently, we reported a theoretical study on the K−p → ηΛ reaction near threshold by using
an effective Lagrangian approach. It was found that the description of angular distribution data
measured by the Crystal Ball Collaboration needs a D03 resonance with mass M = 1668.5 ± 0.5
MeV and total decay width Γ = 1.5 ± 0.5 MeV, which is not the conventional Λ(1690) or other Λ
state listed in the Particle Data Group book. In the present work, we study the Λ polarization in
the K−p → ηΛ reaction within the same framework. The results show that the existence of this
narrow D03 state is also compatible with current Λ polarization data and that the more accurate Λ
polarization data at PK− = 735MeV can offer further evidence for the existence of this resonance.
Furthermore, the role of the Λ(1690) resonance in this reaction is also discussed.
PACS numbers:
I. INTRODUCTION
Understanding K¯N interactions in the low-energy re-
gion is a very important part of the study of the be-
havior of quantum chromodynamics(QCD) in the non-
perturbative regime. Because the excitation of hyperon
resonances usually dominates in relevant processes, it of-
fers a good basis to study the properties of hyperon res-
onances, especially for hyperon resonance with S = −1.
In fact, up to now most of the knowledge of hyperon
resonances is from the analysis of K¯N interactions [1].
Even though we have studied the K¯N interactions for
a long time, the large uncertainties of the parameters of
hyperon resonances in the Particle Data Group (PDG)
book indicate that the status of our knowledge on these
resonances is still not satisfying. This is partly because
of the complications of the non-perturbative character of
QCD in the low-energy regime and partly because of the
poor quality of the available experimental data.
In the past ten years, some new experimental data on
K−p scattering with much higher accuracy than before
were reported by the Crystal Ball Collaboration [2, 3].
With these new data, from theoretical analysis, it is pos-
sible to refine our knowledge on the hyperon resonances
and to better understand the mechanism of relevant re-
actions. Some work along this way has already been
done[4–9]. Among various K¯N inelastic reactions, the
reaction K−p → ηΛ is particularly interesting and im-
portant. Due to isospin conversation, the Σ resonances
do not contribute in this reaction, which makes this reac-
tion a good place to study the properties of Λ resonances.
On the other hand, our current knowledge of the cou-
plings of Λ resonances with the ηΛ channel is still very
poor. Besides the Λ(1670) resonance, the couplings of
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other Λ resonances with the ηΛ channel are only poorly
known or unknown. Some further studies on this reaction
are obviously still needed.
In our previous work [9], we analyzed the new data re-
ported by the Crystal Ball Collaboration for the K−p→
ηΛ reaction [2] within an effective Lagrangian approach.
It is found that by including the background and Λ(1670)
resonance the total cross section data can be well repro-
duced. However, the bowl structure appearing in the
differential cross section data cannot be explained. We
showed that the differential cross section data favor a
D03 resonance with very narrow width, which is not the
conventional Λ(1690) resonance or other Λ states listed
by the PDG [1]. As mentioned in Ref. [9], the current
experimental data still have systematic uncertainties, es-
pecially when we look at the angular distribution data
obtained from two different ways of identifying the final
η meson (see Fig.20 of Ref. [2]). For better understanding
of the origin of the higher partial wave contributions, we
suggest our experimental colleagues remeasure the angu-
lar distribution data.
On the theoretical side, it is also important to find
some other way or criterion to check for the existence of
this narrow D03 resonance. In the present work, we give
predictions of the Λ polarization in the K−p→ ηΛ reac-
tion by using the parameters determined from the fitting
to differential cross section data in our previous work [9].
On the other hand, since the conventional Λ(1690) res-
onance may also contribute to this reaction in principle,
we also give some further discussion about the role of the
Λ(1690) resonance in this reaction. The present work
can be treated as a further test of our previous results [9]
and offer some new criterion to verify the existence of
this narrow D03 resonance.
The paper is organized as follows. In the next section,
we present the ingredients and formalism used for the
present calculation, while the results with some discus-
sion are given in Sec. III. Then, a short summary is given
in the last section.
2II. INGREDIENTS AND FORMALISM
We adopt the effective Lagrangian method in describ-
ing the reactionK−p→ ηΛ near threshold. The effective
Lagrangian method is an important theoretical approach
in studying various processes in the resonance region, and
it is widely used in partial wave analysis for the proper-
ties of resonances. The main contributions for this re-
action come from the t-channel K∗ meson exchange, the
u-channel proton exchange, and the s-channel Λ reso-
nance exchange. The corresponding Feynman diagrams
are shown in Fig. 1.
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FIG. 1: Feynman diagrams for the reaction K−p→ ηΛ. The
t-channel K∗ meson exchange, u-channel proton exchange,
and the s-channel Λ resonance exchange are considered.
First, for the t-channel K∗ meson exchange, we take
the normally used effective Lagrangians for K∗Kη and
K∗NΛ couplings as
LK∗K¯η = gK∗Kη(η∂µK− −K−∂µη)K∗−µ . (1)
LK∗NΛ = gK∗NΛΛ¯
(
γµK
∗µ − κK∗NΛ
2MN
σµν∂
νK∗µ
)
N
+H.c. . (2)
where we take κK∗NΛ = 2.43 as used in Refs. [10, 11].
Second, for the u-channel nucleon exchange, the effec-
tive Lagrangians for the ηNN and KNΛ couplings are
taken as [12]
LηNN = gηNN N¯γ5Nη, (3)
LKNΛ = gKNΛN¯γ5ΛK +H.c.. (4)
Third, for the intermediate Λ(1670) (Λ∗
1
2
−
) resonance
contribution in the s-channel, the effective Lagrangians
for the KNΛ∗
1
2
−
and ηΛΛ∗
1
2
−
vertices are [13]
LKNΛ∗
1
2
−
= gKNΛ∗
1
2
−
K¯Λ¯∗1
2
−N +H.c., (5)
LηΛΛ∗
1
2
−
= gηΛΛ∗
1
2
−
Λ¯∗1
2
−Λη +H.c.. (6)
Fourth, for the intermediate Λ∗ resonance (D03 state)
in the s-channel with spin-parity JP = 32
−
, the effective
Lagrangians are [14]
LKNΛ∗
3
2
−
=
fKNΛ∗
3
2
−
mK
∂µK¯Λ¯
∗µ
3
2
−
γ5N +H.c., (7)
LηΛΛ∗
3
2
−
=
fηΛΛ∗
3
2
−
mη
∂µηΛ¯
∗µ
3
2
−
γ5Λ +H.c.. (8)
To take into account the internal structure of hadrons
and possible off-shell effects, we introduce form factors
in the amplitudes. In the present work, we adopt the
following form factors [15–18]
FB(q
2
ex,Mex) =
Λ4
Λ4 + (q2ex −M2ex)2
, (9)
for the s and u channels and
FB(q
2
ex,Mex) =
(
Λ2 −M2ex
Λ2 − q2ex
)2
, (10)
for the t channel, where qex and Mex are the four-
momenta and the mass of the exchanged hadron, respec-
tively. For the cutoff parameters, we adopt Λ = 2.0 GeV
for the s channel and Λ = 1.5 GeV for the t and u chan-
nels.
For the propagators with four-momenta qex, we
take[19]
GµνK∗(qex) =
−gµν + qµexqνex/m2K∗
q2ex −m2K∗
, (11)
for K∗ meson exchange, where µ and ν are polarization
indices of vector meson K∗.
For the proton propagator, we take
GN (qex) =
6qex +MN
q2ex −M2N
. (12)
For the Λ resonance with spin 1/2 in the s channel, we
take
GΛ∗
1
2
(qex) =
6qex +M
q2ex −M2 + iMΓ
, (13)
while for the Λ resonance with spin 3/2 in the s channel,
we take the propagator as,
GµνΛ∗
3
2
(qex) =
6qex +M
q2ex −M2 + iMΓ
×
(
− gµν + γ
µγν
3
+
γµqνex − γνqµex
3M
+
2qµexq
ν
ex
3M2
)
,(14)
where M and Γ are the mass and width of the corre-
sponding intermediate state, respectively.
The differential cross section for K−p → ηΛ with the
invariant mass squared s = (p+k)2 (where k and p are the
four-momenta of the K− and the proton) in the center-
of-mass (c.m.) frame can be expressed as
dσηΛ
dΩ
=
dσηΛ
2πd cos θ
=
1
64π2s
|~q|
|~k|
¯|M|2, (15)
3where θ denotes the angle of the outgoing η relative to
beam direction in the c.m. frame. In the above equation,
|~k| and |~q| denote the magnitude of the three-momenta
of initial and final state in the c.m. frame, respectively.
With the effective Lagrangian densities given above,
the averaged scattering amplitude squared ¯|M|2, intro-
duced in Eq. (15), can be expressed as
¯|M|2 = 1
2
∑
r1,r2
|M|2
=
1
2
Tr
[
(6p′ +mΛ)A(6p+mN )γ0A+γ0
]
, (16)
where r1 and r2 denote the polarizations of the initial
proton and the final Λ, respectively; and p and p′ denote
the four-momenta of the proton and the Λ, respectively.
A is part of the total amplitude, which can be expressed
as
M = u¯r2(p′) A ur1(p) = u¯r2(p′)
(∑
α
Aαeiφα
)
ur1(p),(17)
where α denotes the t-channel, u-channel, and various
s-channel resonances that contribute to the total ampli-
tude. In phenomenological approaches, the relative phase
between the amplitudes is not fixed. In our work, they
are introduced as free parameters, i.e. φα, and we take
φ = 0 for the amplitude of the s-channel Λ(1670) ex-
change.
The Λ polarization in the K−p → ηΛ reaction can be
studied from the decay of Λ → πN . For Λ → πN , we
take the following effective Lagrangian
LΛpiN = GFm2piN¯(A−Bγ5)Λ, (18)
where GF denotes the Fermi coupling constant, while A
and B are effective coupling constants, for which we take
A = 1.762− 0.238i and B = 12.24 [4] in our calculation.
The differential cross section for K−p → ηΛ → ηπN
can be expressed as
dσK−p→ηΛ→ηpiN
dΩdΩ′
=
|q||p′n||M¯′|2
211π4m2ΛΓΛs|k|
, (19)
where p′n is the three-momenta of the produced nucleon
in the Λ rest frame, ΓΛ = τ
−1
Λ is the Λ decay width,
and dΩ′ = d cos θ′dφ′ is the sphere space of the outgoing
nucleon in the Λ rest frame. The scattering amplitude
M′ is expressed as
M′ = u¯r3(pn)GFm2pi(A−Bγ5)(6p′ +mΛ)×(∑
α
Aαeiφα
)
ur1(p), (20)
and
|M¯′|2 = 1
2
∑
r1,r3
M′M′+, (21)
with r1 and r3 the polarizations of the initial proton and
the final nucleon, respectively
With the above ingredients, the Λ polarization in
K−p→ ηΛ→ ηπN can be expressed as
PΛ =
3
αΛ
(∫
cos θ′
dσK−p→ηΛ→ηpiN
dΩdΩ′
dΩ′
)/dσηΛ
dΩ
, (22)
where αΛ is the Λ decay asymmetry parameter with the
value of 0.65, while θ′ is the angle between the outgoing
nucleon and the vector V = k× q.
III. RESULTS AND DISCUSSION
In the following, we present the theoretical re-
sults of a χ2 fit to the experimental total and dif-
ferential cross section data [2] with eleven parame-
ters (MΛ(1670), ΓΛ(1670), gΛ(1670)K¯NgΛ(1670)Λη, MΛ(D03),
ΓΛ(D03), fΛ(D03)K¯NfΛ(D03)Λη, gK∗NΛgK∗Kη, gKNΛgηNN ,
φΛ(D03), φK∗ , and φp), which are not shown in Ref. [9]
due to that paper’s length limit. The best fitting results
for these parameters are shown in Table I. The resultant
χ2/dof is 0.9(where dof is the degrees of freedom). We
show in Fig. 2 the best fitting results for total cross sec-
tions by considering the Λ(1670), narrow D03 resonance,
and background contributions. The solid line represents
the full results. The contributions from the Λ(1670), the
narrow D03 resonance, the t-channel diagram, and the u-
channel diagram are shown by the dotted, dash-dotted,
dashed, and dot-dot-dashed lines, respectively.
It was found that the Λ(1670) resonance is needed to
interpret the steep rise of the total cross sections near
threshold and a Λ(D03) state with massM = 1668.5±0.5
MeV and width Γ = 1.5 ± 0.5 MeV is necessary to re-
produce the experimental data of the angular distribu-
tions [9]. Because of its very narrow width, this D03
resonance is obviously not the conventional Λ(1690) res-
onance (MΛ(1690) = 1690 ± 5 MeV, ΓΛ(1690) = 60 ± 10
MeV) or other Λ states listed by the PDG.
In Fig. 3 we show again our results, for comparison, for
the total cross section by including the contribution from
the narrow D03 state with a solid line and the results ob-
tained without the narrow D03 state with a dashed line.
It is clear that the small bump around PK− = 734 MeV
can be well reproduced if we include the contributions
from the narrow D03 state.
1
1 At the point P
K−
= 734 MeV, the experimental result is σ =
1.15± 0.10 mb, while our model result, by including the narrow
D03 state, is 1.14 ± 0.05 mb with the error obtained from the
errors of the fitted parameters shown in Table I. We find that
the agreement between our model and the experimental result is
very good. However, if we did not consider the contribution from
this narrow D03 state, then the theoretical result is 0.99 ± 0.03
mb, which gives discrepancies of about two standard deviations
with the experimental data when the theoretical uncertainties
are also taken into account.
4TABLE I: The fitted parameters.
Channel/exchanging particle Product of coupling constants φα Mass(MeV) Width(MeV)
s/ Λ(1670) 0.3± 0.03 0. 1672.5 ± 1.0 24.5 ± 2.7
s/ Λ(D03) 28.2 ± 7.9 5.66 ± 0.47 1668.5 ± 0.5 1.5 ± 0.5
t/ K∗ −58.0 ± 7.2 2.64 ± 0.18 892. –
u/ p −5.3± 1.0 2.59 ± 0.43 938.2 –
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FIG. 2: The best fitting results for total cross sections by con-
sidering the Λ(1670), narrow D03 resonance and background
contributions. The solid line represents the full results. The
contributions from the Λ(1670), the narrow D03 resonance,
the t-channel diagram, and the u-channel diagram are shown
by the dotted, dash-dotted, dashed, and dot-dot-dashed lines,
respectively.
To get more clues about the role of the narrow D03
state in the K−p→ ηΛ reaction, we calculate the differ-
ential cross sections as a function of the momentum of
the K− meson at the forward angle (cos θ = 0.95). We
show our results in Fig. 4 by comparing with the exper-
imental data taken form Ref. [2]. The result including
the narrow D03 state is shown by the solid line, while
the dashed line stands for the results without including
this narrow state. The bump in the differential cross sec-
tion is more clear than in the total cross section, and
this clear bump can be well reproduced by including the
contributions from the narrow D03 state.
A. The role of the Λ(1690)
It is known that a well-established D03 resonance
[Λ(1690)] may also give contributions to this reaction,
and in Ref. [2], the authors argued that the bowl struc-
ture may be caused by the Λ(1690) resonance. However,
it was shown in our previous work [9] that the experi-
mental data favor a resonance with very narrow width.
The main reason for the need of a narrow resonance is
because of the bowl structures only appearing in a very
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FIG. 3: Total cross section with(solid line)/without(dashed
line) contributions from the narrow D03 state.
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FIG. 4: Differential cross sections as a function of the mo-
mentum of K− at the forward angle (cos θ = 0.95) and the
corresponding theoretical results by using the best-fitted pa-
rameters with (solid line) and without (dashed line) the nar-
row resonance.
narrow energy window as we have pointed out in Ref. [9].
Regarding the uncertainties of the current experimen-
tal data, it will be interesting to discuss how well the
experimental data can be explained by the conventional
Λ(1690) state. For this purpose, we perform the fitting
procedures with some different strategies. First, we fix
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FIG. 5: (Color online) The fitting results for angular distributions within Fit I (dashed line) and Fit III (dash-dot-dotted line).
The solid line represents the best fitting results taken from Ref. [9] for comparison.
the mass and width of the D03 state at the central val-
ues of the conventional Λ(1690) state as given by the
PDG [1] (Fit I), i.e. mass M = 1690 MeV and total de-
cay width Γ = 60 MeV. Noting that the coupling of the
Λ(1690) with the ηΛ is consistent with zero if we take
the decay branch ratio from the PDG, here we take it
as a free parameter. In this scheme, we have nine free
parameters in total. The best fitting results are shown
by the dashed line shown in Fig. 5. It is easy to see that
the bowl structures cannot be reproduced. The fitting
results favor a weak coupling of the Λ(1690) with the ηΛ
channel. This is mainly because the bowl structures only
appear in a very narrow energy window. Since the high-
est c.m. energy of this set of data is around
√
s =1.685
GeV, which is the lower limit of the mass of the Λ(1690)
suggested by the PDG, if the Λ(1690) gives significant
contributions to the angular distributions, one can expect
that with increasing beam momenta the bowl structures
shown in angular distributions should become more and
more prominent. However, such an expectation is not
supported by the experimental data. Therefore, we do
not think the bowl structure is caused by the conven-
tional Λ(1690).
Another interesting thing is to check to what extent
the experimental data can be understood by a D03 reso-
nance with a normal total decay width. We then perform
another fit by fixing the width of the D03 state at 60 MeV
(Fit II), which is the width of the conventional Λ(1690)
resonance suggested by the PDG. In this fit, the best
fitting results favor the mass M = 1659.5 ± 11.7 MeV
for the D03 resonance and a small coupling with the ηΛ
channel. The corresponding results for angular distribu-
tions are not shown in Fig. 5, because they almost overlap
with the dashed-blue lines which are obtained from Fit
I. 2 So, in this fit, the bowl structures cannot be repro-
duced, either.
Furthermore, since the bowl structure shows most sig-
2 This is because in both Fit I and Fit II, the D03 contributions are
highly suppressed with the small coupling with the ηΛ channel,
so the dominant contributions are from the Λ(1670) resonance
and background contributions which are similar in these two fits.
6nificantly at PK =734 MeV, we also check the depen-
dence of the results on the data at this single energy
point. In this scheme, we take the mass and width of the
D03 resonance as free parameters and omit the angular
distribution data at PK =734 MeV in the fit (Fit III).
The best fitting results still favor a narrow resonance, i.e.,
M=1670.2±1.6 MeV and Γ=4.5±1.6 MeV. This shows
that the needs of a narrow resonance are not only from
one single energy measurement but also from the pattern
of angular distributions in a wide energy region. Obvi-
ously, the description of angular distributions in this fit
(shown by the dash-dot-dotted line in Fig. 5) is better
than for Fit I, and also for Fit II. However, the angular
distribution data at PK =734 MeV is not totally repro-
duced in this fit. We also show again, in Fig. 5 by the
solid-red line, the best fitting results taken from Ref. [9]
for comparison.
B. Λ polarization
It is believed that the polarization data can put more
constraints on the theoretical model and offer additional
physical observables to test the models. In Ref. [9], we
did not include the Λ polarization data in our fitting be-
cause the quality of these data is rather poor. However,
it should be meaningful to show the predictions of our
fitting results for these observables. Following the for-
mula and ingredients given at the end of Sec. II, we
calculate the Λ polarization in the K−p → ηΛ → ηπN
reaction at PK− = 735 and 765 MeV. It should be noted
that all the parameters used here are taken from Ref. [9]
and there is no free parameter in the present calculation.
The corresponding results are shown by the solid line in
Fig. 6. The experimental data are taken from Ref. [2].
By looking at Fig. 6, one can find that the predictions of
our model can fairly well describe the experimental data
especially at PK− = 735 MeV, where the narrow D03
resonance gives a significant contribution.
It will also be interesting to check the predictions with-
out the narrow D03 resonance. By using the parameters
shown in Table 1 of Ref. [9], i.e., the best fitting results
without the narrow D03 state, the corresponding Λ po-
larizations are calculated and shown by the dashed line
in Fig. 6. It can be found that without the narrow D03
resonance the model predictions can also reproduce the
data within the large error bars of experimental data, al-
though the trend of central values of experimental data
are described badly.
We also performed the calculations by taking a normal
total decay width Γ = 100 MeV for the D03 resonance
and leaving other parameters unchanged. This calcula-
tion is meaningful because the Λ polarization is the ratio
of two differential cross sections [see Eq. (22)]. The cor-
responding results are shown by the dotted line in Fig. 6.
Besides the predictions of Λ polarization at some dis-
crete energy points, it will also be interesting to inves-
tigate the energy dependence of Λ polarization around
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FIG. 6: (Color online) The predictions for Λ polarization
with (solid line) and without (dashed line) the narrow D03
resonance. The dotted line represents the corresponding re-
sults by using the normal baryon resonance total decay width
Γ = 100 MeV for the D03 resonance.
the momentum PK = 734 MeV, where the narrow D03
resonance gives significant contributions. In Fig. 7, we
show the calculated results for Λ polarization at PK=733,
734, and 735 MeV, respectively, where the predictions
by omitting the contribution from the D03 resonance at
PK=733 and 735 MeV are also shown for comparison.
The main finding is that the trend of Λ polarization ver-
sus cos θ is very sensitive to the beam momentum in
the energy range around the peak of the D03 resonance.
After omitting the contributions of the D03 resonance,
the results at PK=733 and 735 MeV are almost flat and
overlap each other. This indicates that such energy de-
pendence is caused by the narrow D03 resonance. So
experimental analysis on the energy dependence of Λ po-
larization may offer further evidence on the existence of
this narrow resonance.
IV. SUMMARY
In this work, we present some detailed analyses on the
reaction mechanism of K−p → ηΛ near threshold and
study the Λ polarization in theK−p→ ηΛ reaction based
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FIG. 7: (Color online) The results for Λ polarization at
PK=733 MeV (dash-dotted line), PK=734 MeV (solid line)
and PK=735 MeV (dash-dot-dotted line). The dashed and
dotted lines represent the corresponding results by omitting
the D03 state contribution at PK=733 MeV and PK=735
MeV respectively.
on our previous work [9]. It is found that current data
indeed favor a D03 resonance with very narrow width,
which is not the conventional Λ(1690). And the exis-
tence of this narrow D03 state is also compatible with
the current Λ polarization data. We also study the role
of the conventional Λ(1690) resonance in this reaction,
however, the current experimental data cannot be repro-
duced by including the conventional Λ(1690) resonance.
In the present work, we find that the Λ polarization are
strongly energy dependent around PK−=734 MeV with
inclusion the narrow D03 state . Thus more accurate po-
larization data around PK− = 734 MeV can be used to
verify the existence of this D03 resonance. We suggest
our colleagues remeasure both the differential cross sec-
tion and Λ polarization data, which should be helpful to
clarify the existence of this D03 resonance.
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